3D glass woven fabric (PARABEAM) reinforced composites are of particular interest to composite industry, because light weight large scale composite structures can be fabricated. Bending properties of hybrid composites with 3D fabric and chopped strand mat were possible to be estimated by using theory of composite beam. The relations between thickness, weight and bending properties of the 3D composites could be drawn for designing composite structure.
INTRODUCTION
Sandwich structural composite with core material of foams or honeycombs can be used in large scale panels because of light weight and thick materials. These sandwich composites, however, have the disadvantages of high cost and low delamination resistance. The 3D glass woven fabric produced by a variant of the classic velvet weaving technique as shown in Figure 1 (a) is of particular interest to composite industry, and it can solve the above mentioned disadvantages. The 3D fabric has high delamination resistance because the top and bottom skin layers are interconnected. It can also be easily impregnated with resin having 3D structure as shown in Figure l (b). There were some reports that the 3D fabric reinforced composite have the potential for light weight and high bending stiffness [1, 2] . Hence the 3D fabric composite is more useful for large scale composite structure than any other sandwich structural composites.
In this paper bending properties of the 3D fabric composite and hybrid composites with 3D fabric and chopped strand mat were investigated and estimated by using theory of composite beam. 2. EXPERIMENT 3D glass woven fabric (86088:PARABEAM) was composed of top skin, bottom skin, and pile yarn as shown in Figure lea) . Pile fiber length can be changed freely according to use, however in this study 3D glass woven fabric with pile fiber length of 6mm was used. The 3D fabric composite were fabricated by hand lay-up method. Hybrid composites were fabricated by laying 3D fabric and chopped strand mat (REM-450G5: NIPPON SHEET GLASS.,LTD). Matrix used was unsaturated polyester resin (Showa High Polymer Co.). Three kinds of composites were fabricated as shown in Figure 2 . One is 3D fabric composite without chopped strand mat (Typetl/O), second is hybrid composite reinforced with a 3D fabric and two chopped strand mats (Type 1/1) and another is hybrid composite reinforced with a 3D fabric and four chopped strand mats (Type2/2). Bending specimen geometry was 230mm in length and 25mm in width. The specimens were cut parallel to the weft and warp direction of 3D fabric. Four point bend tests with 180mm span and 90mm mid span were conducted using universal testing machine (lnstron 4206) with cross-head speed of 3mm/min. at room temperature.
RESULTS AND DISCUSSION
Bending properties of three kinds of specimens are summarized in Table 1 . The weft tested specimens displayed higher bending rigidity compared to the warp tested specimens. This may be attributed to the inherent anisotropy of the 3D fabric. Bending rigidity of Type2/2 specimen was the highest of all composites. Increasing the number of chopped strand mats, the bending rigidity was showing high tendency. The advantages of laying up chopped strand mats in hybrid composites were to get not only thickness but also high bending rigidity. Equivalent bending rigidity (EI) of 3D composites was calculated by using theory of composite beam as shown in following equations, EI = (EI)y -~z\EXiAi) (l) (EI)y = tExi ( Aiz:2+ Ii)
where Ar, Ii, Zi and Exi are section area, second moment of area, distance from optional (y) axis to neutral axis (z) and modulus of i-Iayer. TypeO/O specimen was considered as 3 layers sandwich beam of woven cloth and core layer, Types 1/1 and 2/2 specimens were considered as 5 layers sandwich beam of chopped strand mat, woven cloth and core layer. Experimental results were employed as modulus of woven cloth and chopped strand mat for calculating equivalent bending rigidity. Modulus of core layer was also regarded as O.
Equivalent bending rigidity calculated are summarized in Table 1 . The calculated values are indicating the same tendency as experimental ones, however the calculated values of Types 1/1 and 2/2 specimens are higher than experimental ones. The calculated value of TypeO/O was approximately in agreement experimental value, and that of Types 1/1 and 2/2 could get closer to experimental ones by multiplying experimental results by 0.75. Equivalent bending rigidity in the case of 3mm, 4.5mm, 8mm and 9.5mm pile fiber length was calculated by using same calculating method. Relations between thickness, weight and bending properties were obtained by using the calculated results as shown in Figures 3 and 4 . In Figure 3 (b) lines of equal weight of composites were drawn. In Figures 4(a) and (b) points on lines mean the points of equal calculated bending rigidity and calculated bending modulus. These diagram can give a selective latitude of material. For example, by using Figures 3(b) and 4(b) the composites can be selected in the latitude from 2GPa to 12GPa in bending modulus and from Zkg/rn? to l Okg/m? in weight. Bending rigidity of the 3D composites are higher in weft direction compared to warp direction. 2. Equivalent bending rigidity of 3D glass woven fabric reinforced composites were possible to be estimated by using theory of composite beam.
